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Abstract. When people from different backgrounds offer products and services to the general public without complying
with the legal parameters that a business requires, they generate a phenomenon known as the Informal Trade. In the
“Mariscal de Puyo” market, there has been a flourishing of the informal trade for the commercialization of basic needs,
which is gaining space in the internal supply chain of Ecuador. Quantifying its impact on society represents a task little
tackled by science. This research proposes a solution to the posed problem by developing a method to evaluate the impact
of informal trade. The proposed method bases its operation on a neutrosophic multi-criteria approach. A case study is
implemented with the purpose of measuring the impact of informal trade on the “Mariscal de Puyo” market.
Keywords: Multi-criteria decision-making, single-valued neutrosophic set, informal trade.

1. Introduction
The progress of the mercantile society is directly related to the levels of commerce with which economic
transactions are carried out [1]. Economic transactions can be managed through a formal or informal market. The
informal market has increased and expanded its forms of management in the diverse regions of Ecuador [2, 3].
After the expansion of informal markets, the community changes the perspective on this type of commercial
form [4, 5]. Informal trade is characterized by the following aspects [6, 7]:

Informal management of sales or services.

A considerable movement of cash and non-commercial bank transactions.

Evidence of a relationship with poverty, lack of production in the region.

The development of creativity due to the need to find a profitable way to work.
Informal trade represents the performance of economic or service activities that are kept fundamentally hidden
from The State administration, which brings along a set of legal consequences and support for society since people
do not have guarantees on the products obtained in such market, although it is obvious that the level of accessibility
reaches a greater number of people [8, 9].
Based on the situation described above, this research aims to develop a method for evaluating the impact of
informal trade. The proposed method consist of a multi-criteria approach based on evaluative criteria for
evaluation.
The international movement known as Paradoxism based on contradictions in science and literature, was
founded by Florentin Smarandache, who then extended it to Neutrosophy, which is a science that studies
contradictions and their neutrals [10]. To model with single-valued neutrosophic sets makes it possible to make
decisions considering indeterminate terms. This is a way to evaluate more reliable than using fuzzy sets, because
experts’ knowledge is usually full of unclear information, contradiction or inconsistency.
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The present paper is divided in the following sections: Section of Materials and Methods contains the basic
concepts and the design of the proposed method. Section of Results is dedicated to apply the proposed model to
the actual situation of informal trade in the “Mariscal de Puyo” market. We end the paper with the conclusions.
2. Materials and Methods
This section describes the operation of the proposed method to assess the impact of informal trade. We also
present the general characteristics of the proposed solution. The main stages and activities that make up the method
are described below.
The method for the evaluation of the impact of informal trade is designed under a group of qualities [11]. The
qualities that distinguish the method are:

Integration: the method guarantees the interconnection of the different components as a whole
for the evaluation of the impact of informal trade.

Flexibility: uses 2-tuples to represent uncertainty so as to increase the interoperability of the
experts who interact with the method.

Interdependence: the method uses the input data provided by the experts as a starting point. The
analyzed results contribute to a base of experience that forms the core of the inference process.
The method is based on the principles:

Identification through the team of experts of the indicators to evaluate the impact of informal
trade.

Definition and processing under a multi-criteria approach.

The use of multi-criteria methods in the evaluation.
The method to assess the impact of informal trade, is structured to manage the workflow of the evaluation
process based on a multi-criteria inference method. It has three fundamental stages: input, processing and output
of information [12]. Figure 1 shows a diagram illustrating the general operation of the method.

Method for evaluating the impact of informal trade

Figure 1. General scheme of the method.

2.1 Description of the stages
The proposed method is designed to ensure workflow management for the informal trade impact assessment
process. It uses a multi-expert multi-criteria approach where evaluative indicators are identified to determine the
operation of the method.
The processing stage is structured in four activities that control the inference process. Figure 2 shows a diagram
with the activities of the processing stage.
Activity 1

Activity 2

• Selection of experts

• Identification of the
criteria

Activity 3
• Determination of
the weight

Activity 4
• Determine the
preferences

Figure 2. Processing stage activities.

Activity 1 Selection of experts:
The process consists of determining the group of experts involved in the process. For the selection, we used
the methodology proposed by Fernández [13]. To start the process, a model is sent to potential experts with a brief
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explanation of the objectives of the work and the area of knowledge in which the research is focused. Then the
following activities are carried out:
Experts are contacted and asked to participate in the panel. The activity results in the recruitment of the group
of experts who will participate in the application of the method.
The process should filter out the experts having a low level of expertise, rather choosing those with more
knowledge and prestige in the subject of the research. To execute the filtering process, experts carry out a selfevaluation questionnaire. The objective is to determine the knowledge or information coefficient (Kc) they have.
Equation 1 expresses the method to determine the level of expertise
K c ∈ (0,1)
(1)
Where:
K c : Knowledge or information coefficient,
Activity 2 Identification of the criteria:
Once the experts involved in the process and the evaluation criteria have been identified, we move on to the
next step. The criteria represent the input parameters used in the processing stage. From the experts work group,
the following activities are carried out:
A questionnaire is sent to the panel members and they are asked for their opinion of the selection of the
evaluation criteria supporting the research. From a previously prepared questionnaire, the set of experts’ criteria is
obtained.
Responses are analyzed and the areas in which they agree and disagree are identified. This activity let us
analyze the behavior of the answers issued by the experts and identify the common elements.
The summary analysis of all the responses is sent to the members of the panel, and they are asked to fill out
the questionnaire again and give explanations on the opinions they differ. This allows obtaining a new assessment
from the group of experts on the knowledge collected and summarized.
The process is repeated until the responses stabilize. The activity represents the method’s stop condition, from
which the responses are stabilized. Once the condition is reached, its application is concluded, considering this the
general result.
The activity results in the set of evaluative criteria of the method. A multi-criteria approach expressed as C =
{c1 , c2 , , , cm } as a set of criteria, where m > 1.
Activity 3 Determination of the weight vectors of the criteria:
The experts group involved in the process determine the weights attributed to the evaluation criteria. They are
asked to assess the importance level attributed to the evaluation criteria identified in the previous activity.
The weights of the evaluation criteria are expressed by a domain of single-valued neutrosophic numbers.
This is defined by the following expressions:
Definition 1: ([14]) Let X be a universe of discourse. A Neutrosophic Set (NS) is characterized by three
membership functions, uA (x), rA (x), vA (x) ∶ X → ] −0, 1+ [, which satisfy the condition -0 ≤ inf uA (x) +
inf rA (x) + inf vA (x) ≤ sup uA(x) + sup rA (x) + sup vA (x) ≤ 3+ for all xX. uA (x), rA (x) and vA (x)
denote the membership functions of truthfulness, indetermination and falseness of x in A, respectively, and their
images are standard or non-standard subsets of ] −0, 1+ [.
NS are useful only as a philosophical approach, so Single-Valued Neutrosophic Set is defined to guarantee
the applicability of Neutrosophy, see Definition 2.
Definition 2: ([14]) Let X be a universe of discourse. A Single-Valued Neutrosophic Set (SVNS) A on X is
an object of the form:
A = {〈x, uA (x), rA (x), vA (x)〉: x ∈ X}

(1)

Where uA , rA , vA ∶ X → [0,1] , satisfy the condition 0 ≤ uA (x) + rA (x) + vA (x) ≤ 3 for all xX.
uA (x), rA (x) and vA (x) denote the membership functions of truthfulness, indetermination and falseness of x
in A, respectively. For convenience a Single-Valued Neutrosophic Number (SVNN) will be expressed as A =
(a, b, c), where a, b, c [0,1] and satisfies 0 ≤ a + b + c ≤ 3.
Neutrosophic Logic (NL) extends fuzzy logic. As stated by Florentin Smarandache a proposition P is
characterized by three components; see[15]:
NL(P) =(T,I,F)
(2)
Where component T is the degree of truthfulness, F is the degree of falsehood and I is the degree of
indetermination. T, I, and F belong to the interval [0, 1], and they are independent from each other.
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Linguistic terms are used to increase interpretability when determining the weight vectors associated to the
criteria [16, 17]. Table 1 shows the set of linguistic terms with their respective values.
Linguistic term

Value

No important

(0.10,0.90,0.90)

Less important

(0.20,0.85,0.80)

Slightly important

(0.30,0.75,0.70)

Somewhat important

(0.40,0.65,0.60)

Average importance

(0.50,0.50,0.50)

Important

(0.60,0.35,0.40)

Very important

(0.70,0.25,0.30)

Strongly important

(0.8,0,15,0.20)

Very strongly important

(0.9, 0.1, 0.1)

Extremely important

(1,0,0)

Table 1. Domain of values to assign weight to the criteria.

Once the weight vectors of each expert involved in the process have been obtained, an information aggregation
process is carried out using an average function as shown in Equation 3.
𝑤𝑗 =

∑𝑛𝑖=1 𝑥𝑖𝑗
𝑛

(3)

Where:
𝑤𝑗 : is the aggregated value, that is to say, the weight of the j-th criteria.
n : is the number of experts involved in the process,
xij : is the evaluation expressed by expert i on the criteria 𝐶𝑗 .
To obtain a crisp value from a single-valued neutrosophic number the following formula can be applied:
𝑺(T, I, F) =

1
3

( 2 + T − I − F)

(4)

Activity 4 Determine the preferences of the alternatives:
The activity to determine preferences consists of identifying the impact that the evaluation criteria have on the
studied phenomenon.
For the evaluation of the impact of informal trade, the problem and the evaluation of each alternative from
which the evaluation matrix is formed are described [18-20]. The matrix is made up of the alternatives, the criteria
and the evaluation of each criterion for each alternative. Figure 3 shows the output of the proposed decisionmaking problem.

Figure 3. Proposed decision making problem.
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After obtaining the preferences of each evaluative criterion about the object of study, we carry out the
information inference process. Inference is guided by the use of information aggregation operators.
Le A = {A1,A2,...,Am} be the set of alternatives, and E = {E1,E2,...,En} be the set of experts. Each expert
assesses each alternative by each criterion. Thus xijk means the evaluation expressed by expert i on the criteria
𝐶𝑗 on alternative 𝐴𝑘 . The scale of evaluation is given in Table 2.
Linguistic expressions

Single-valued neutrosophic number (T, I, F)

Very bad (VB)
Bad (B)
Medium bad (MB)
Medium (M)
Medium Good (MG)
Good (G)
Very Good (VG)

(0.10, 0.75, 0.85)
(0.25, 0.60, 0.80)
(0.40, 0.70, 0.50)
(0.50, 0.40, 0.60)
(0.65, 0.30, 0.45)
(0.80, 0.10, 0.30)
(0.95, 0.05, 0.05)

Table 2: Linguistic terms and their single-valued neutrosophic numbers for evaluating alternatives according to the criteria.

The aggregation process is carried out with the use of information aggregation operators [21-23]. The
fundamental objective is to obtain collective assessments from individual evaluations through the use of
aggregation operators. The OWA (Ordered Weighted Averaging) aggregation operator is used to process the
proposed method [24-26].
The OWA operators work similar to the weighted average operators, although the values that the variables take
are previously sorted in descending order and, opposed to what happens in the weighted averages, the weights are
not associated with any specific variable [27-29].
Then, bj is the value of the evaluation of alternative k-th according to the j-th criteria for all experts.

bjk =

∑𝑛𝑖=1 𝑥𝑖𝑗𝑘
𝑛

(5)

The result per alternative is calculated as follows:
𝑅𝑘 =

∑𝑛𝑗=1 𝑤𝑗 ⋀𝑏𝑗

(6)

6

Where, 𝑤𝑗 ⋀𝑏𝑗 : = (𝑚𝑖𝑛 (𝑇𝑤𝑗 ∧ 𝑇𝑏𝑗 ) , 𝑚𝑎𝑥 (𝐼𝑤𝑗 ∧ 𝐼𝑏𝑗 ) , 𝑚𝑎𝑥 (𝐹𝑤𝑗 ∧ 𝐹𝑏𝑗 )).
Finally, the alternatives are sorted in descending order according to 𝐴𝑘1 is preferred over 𝐴𝑘2 if and only
if 𝑺(𝑅𝑘1 ) > 𝑺(𝑅𝑘2 ), using Equation 4.
3. Results
For the implementation of the method, a case study has been developed where we represent an instrument
focused on the specific case that is modeled. The object of analysis was the “Mariscal de Puyo” market in Ecuador,
which is the only alternative to be considered. The objective was to evaluate the impact of informal trade on this
market.
Below are the ratings achieved for each activity:
Activity 1 Selection of experts:
To apply the method, we applied a questionnaire in order to select the group of experts to participate in the
process. Eight experts were selected for the panel. The self-assessment questionnaire was applied to the 8 experts.
Specifically, four questions were applied to the experts. The following results were obtained to identify the
degree of knowledge on the subject:
Question 1. Theoretical analyzes carried out by you on the subject:
Five experts granted themselves the evaluation of “High” and the other 3 experts thought their knowledge
is “Average”.
Question 2. Study of works published by Ecuadorian authors:
We obtained a self-evaluation of High for 5 experts, Average for 2 experts and Low for 1 expert.
Question 3. Direct contact with the informal market:
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A self-assessment of High was obtained for 5 experts, Medium for 2 experts and Low for 1 expert.
Question 4. Knowledge of the current state of informal trade:
Six experts got themselves a self-assessment of High, Medium for 1 experts and Low for 1 expert.
After aggregating these results we obtain the following conclusions about expertise:

5 experts self-evaluate with a level of competence on the subject under study of 10 points.

1 expert self-assess with a competence level of 9 points.

1 expert self-evaluates with a proficiency level of 8 points.

1 experts self-evaluate with a level of competence of 6 points.
The knowledge coefficient K c represents an important parameter in the application of the proposed method.
For the investigation, the K c per expert are obtained as reported in Table 3, where the values are divided by 10:
1

2

3

4

5

6

7

8

10

9

1

6

8

1

1

1

Table3. Knowledge coefficient by experts.

Figure 4 shows a graph with the behavior of the experts' knowledge coefficients. From the analysis of the
results, we determined to select 7 of the 8 experts originally planned.

Value
1
0,8
0,6
0,4
0,2
0

Expert 8

Expert 7

Expert 6

Expert 5

Expert 4

Expert 3

Expert 1
Expert 2

Value

Figure 4. Representation of the knowledge coefficient of the experts.

Activity 2 Identification of the criteria:
For the activity, the experts involved in the process were surveyed. The objective was to identify the
assessment criteria to evaluate informal trade. The indicators constitute the fundamental element on which the
processing is carried out in subsequent stages.
Table 4 displays the evaluation criteria obtained from the activity.
Number

Evaluation criteria

𝐶1

Product quality certificate

𝐶2

Competitive prices

𝐶3

Contribution to the employment of personnel

𝐶4

Variety of products

𝐶5

Accessibility

𝐶6

Hygienic and sanitary conditions

Table 4. Evaluative criteria obtained.

Activity 3 Determination of the weight vectors of the criteria:
To determine the weights on the criteria, we used a multi-expert approach, in which the 7 selected experts
intervened. Using single-valued neutrosophic numbers as proposed in Table 1, the group of experts did their
job.
From the aggregation carried out using Equation 4, the weights of the 7 experts are combined into a unique
value. Table 5 shows the result of the weight vectors as a result from the activity.
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Weight vectors W for criteria C

𝐶1

(0.1630, 0.35,0.40)

𝐶2

(0.9, 0.1,0.1)

𝐶3

(0.1521, 0.50,0.50)

𝐶4

(0.1847, 0.15,0.20)

𝐶5

(0.1304, 0.75,0.70)

𝐶6

(0.1739, 0.25,0.30)

Table 5: Weights of the criteria based on experts’ opinions.

Activity 4 Determine the preferences of the alternatives:
In order to evaluate the impact of informal trade on the “Mariscal de Puyo” market in Ecuador, an evaluation
of compliance with the criteria was carried out. The weight vectors attributed to each evaluation criterion were
used as starting information. Compliance with the indicators in the “Mariscal de Puyo” market was evaluated
using the set of linguistic labels proposed in Figure 3.
As a result, we obtained a system with fuzzy values that are added as output values. Table 6 shows the result
of the process.
Criteria

𝑾

Aggregated

𝒘𝒋 ⋀𝒃𝒋

Evaluation 𝒃𝒋
𝐶1

(0.1630, 0.35,0.40)

(0.67, 0.35,0.40)

(0.1630, 0.35,0.40)

𝐶2

(0.9, 0.1,0.1)

(0.83, 0.15,0.20)

(0.83, 0.15,0.20)

𝐶3

(0.1521, 0.50,0.50)

(1, 0,0)

(0.1521, 0.50,0.50)

𝐶4

(0.1847, 0.15,0.20)

(0.67, 0.35,0.40)

(0.1847, 0.35, 0.40)

𝐶5

(0.1304, 0.75,0.70)

(0.83, 0,15,0.20)

(0.1304, 0.75,0.70)

𝐶6

(0.1739, 0.25,0.30)

(0.5, 0.50,0.50)

(0.1739, 0.50,0.50)
(0.27235, 0.43333, 0.45000)

Index
∑𝟔
𝒋=𝟏 𝒘𝒋 ⋀𝒃𝒋
𝟔

Table 6. Result of evaluations obtained by experts.

The final value of the score degree is 0.46301.
Figure 5 shows the behavior of inferences on the evaluation criteria for the proposed case study.

Value
1
0,8
0,6
0,4

Value

0,2
0
Criteria Criteria Criteria Criteria Criteria Criteria
1
2
3
4
5
6
Figure 5. Alternative evaluation per criteria.
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From the data presented in Table 6, an impact index of informal trade for the “Mariscal de Puyo” market in
Ecuador with a value of 0.46301 is identified. The results are classified as a medium index of impact of informal
trade. We made the classification of 0.46301 according to a linguistic value, using the scale shown in Figure 6,
such that the maximum truth-value of 0.46301 is obtained when evaluating in the membership function
corresponding with the label “medium”.

Figure 6. Linguistic labels set.

Where:
N: Null,
VL: Very Low,
L: Low,
M: Medium,
H: High,
VH: Very High,
P: Preferred.
Conclusions
From the implementation of the proposed method, weights of aggregation are obtained for the assessment
of the criteria that represented the basis of the evaluation process for the informal market.
Eight potential experts were analyzed, 7 of which were selected based on their competence coefficient for
the implementation of the proposed method.
The application of a case study to assess the impact of informal trade made it possible to determine the
impact of informal trade on the “Mariscal de Puyo” market using Neutrosophy theory. We reached to the
conclusion that informal trade gains space in the Ecuadorian trade network.
By applying the method in a real context, we validated this technique for evaluating the impact of informal
trade with the use of information aggregation operators. The proposal can be extended to work with other multicriteria methods for inference processing where the results obtained by the different methods can be compared.
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